Background: Dementia and cognitive impairment are becoming increasingly a major health problem, pronounced by increased life expectancy. Cerebral small vessel disease (cSVD) is among the major causes of cognitive deterioration, yet cerebral microbleeds (CMBs) which are a common association of cSVD are still not sure to be related to cognition. Aim of the study: The study aims to determine whether the number and localization of CMBs correlate with cognition in patients with symptomatic small vessel disease (SVD), according to Montreal Cognitive Assessment (MoCA) test. Subjects and methods: This cross-sectional study included 85 Egyptian patients with symptomatic SVD, from the neuropsychiatry clinic of the Main Suez Hospital in Suez City, in the period between February 2017 and February 2018. Subjects were classified according to CMB presence into CMB-positive and CMB-negative groups. Both groups are assessed using MRI imaging and MoCA test for cognitive function. Results: In our study, CMBs recorded a high prevalence rate of SVD patients. Subjects with MBs were mainly males and significantly older, with higher white matter lesion volume and more lacunar infarcts. MoCA test detected significant impairment in visuospatial/executive function, attention, and total scores in CMB-positive group. Both frontal and parietal MBs showed independent association with visuospatial/executive impairment. Deep MBs in the basal ganglia were proved to be independent risk factor for attention affection. Conclusion: Number and localization of MBs proved to be important in determining cognitive consequences. The relations with cognitive performance were mainly driven by frontal, parietal, and deep located MBs in the basal ganglia. Memory affection in frontal MBs was dependent to severe white matter intensities and lacunes.
Introduction
Vascular dementia and vascular cognitive impairment (VCI) main pathology ± is cerebral ischemic small vessel disease (SVD) [1] . With the improving technology and widespread clinical use of magnetic resonance imaging (MRI), interest increased in SVD as being the most important tool for its detection and localization [2] .
In addition to lacunar infarcts and leukoaraiosis as MRI signs of SVD, cerebral microbleeds (CMBs) are recently recognized as an important new manifestation and diagnostic marker of small vessel pathology [3] . CMBs are small, round, well-demarcated, homogeneous foci of low-signal intensity ranging 5-10 mm in diameter on gradient-echo (GE) T2*-weighted MRI sequences [4] . Histopathology, characterized by perivascular collections of macrophages engulfing hemosiderin, reveal an underlying vascular pathological change, hypertensive vasculopathy, and cerebral amyloid angiopathy (CAA) [5] .
While WMCs and lacunar infarcts have been proved through studies to be associated with cognitive impairment [6] , CMBs' impact on cognition remains unsure and requires more studies. They are present in about 5% of healthy individuals without active neurological disorder with a prevalence increasing with age [7] .
CMBs are commonly found in patients with ischemic or hemorrhagic stroke, AD, and vascular dementia (VaD) [8] . Most studies were done to examine the association of CMBs with increased risk of stroke recurrence and intracerebral hemorrhage [9, 10] . Investigation of their presence in relation to poorer microstructural integrity of brain white matter was done to explain cognitive impairment [11] .
This made the studying of CMBs in relation with cognitive performance important on patients with SVD and whether this association remained after controlling for other MRI markers of SVD. Considering other factors as number and location of CMBs will put more explanations for different vascular pathology and mechanisms of cognitive impairment in those patients [12] .
Aim of the study
The aim of the study is to determine whether CMBs correlate with cognition in patients with symptomatic SVD, and if there is a relation between different locations of CMBs and their effect on cognition.
Subjects and methods

Study population
Eighty-five patients with SVD were recruited from the neuropsychiatry clinic of the Main Suez Hospital in Suez City according to specific criteria that must be fulfilled.
Inclusion criteria
-A clinical lacunar stroke syndrome [13] with an anatomically appropriate lacunar infarct on MRI, with or without confluent leukoaraiosis (Fazekas grade 2 or more) on MRI [14] .
Exclusion criteria
-Any cause of stroke other than SVD including extra or intracranial arterial vessel stenosis > 50% or cardioembolic source -Subcortical infarcts > 1.5 cm in diameter as these (striatocapsular-type infarcts) are often due to embolism or cortical infarcts -Other major central neurological system disorders or brain injury -Other cause for white matter disease other than SVD -Major psychiatric disorders -Prominent visual or hearing impairment -Individuals with contraindications to MRI or known claustrophobia Baseline and clinical assessments -All SVD patients will be examined by a neurologist for full history and clinical examination. -Registration of baseline information as age, sex, and level of education -Assessment of cerebrovascular risk factors: -Hypertension defined as blood pressure more than 140/90 mmHg and/or use of antihypertensive medications -Diabetes mellitus defined as fasting serum glucose level ≥ 110 mg/dL, postprandial more than 140 mg/ dl, hemoglobin A 1c levels ≥ 6.5% or use of antidiabetic medication -Hyperlipidemia defined as fasting serum total cholesterol level ≥ 200 mg/dL and/or fasting serum triglyceride levels ≥ 200 mg/dL and/or use of antihyperlipidemic agents -Smoking status divided into current, ex-smoker, and never -Other investigations as echocardiography and carotid duplex will be carried.
Research ethics
All patients were informed about the aim of our study and methodology, and they had agreed to participate in our research study in a written consent.
MRI data analysis
All subjects underwent a 1.5-T MRI. All images were viewed and interpreted by a consultant radiologist who was blind to the subjects' clinical data during neurological examination and cognitive function assessment.
Identification of microbleeds
CMBs are defined on GE-MRI as well-defined round focal areas of low-signal intensity and 2-10 mm in diameter. To measure the presence, amount, and topographical distributions of CMBs in each subject, the Microbleed Anatomic Rating Scale (MARS) will be used [15] . CMBs are categorized into lobar, deep, and infratentorial. Lobar is included in cortical and subcortical regions (assessed in the frontal, parietal, temporal, and occipital regions). Deep regions include deep gray matter, including the basal ganglia, thalamus, the white matter of the corpus callosum, internal and external capsule, and the deep/ periventricular WM (DPWM). Infratentorial regions include the brain stem and the cerebellum. Deep/periventricular white matter is defined as white matter adjacent to or within ≈ 10 mm of the lateral ventricular margin. Symmetrical areas of basal ganglia calcification, flow voids from blood vessels, and low signals averaging from adjacent bone are discounted.
CMBs are classified as absent, mild (1-2 microbleeds), moderate (3-10 microbleeds), or severe (> 10 microbleeds).
Identification of lacunar infarcts
Based on T1-weighted and FLAIR images, a lacune presence is defined as a cerebrospinal fluid-filled cavity, within the white matter, subcortical regions, or deep gray nuclei between 3 and 15 mm in diameter, with a surrounding rim of high-signal intensity following a vascular distribution.
Identification of leukoaraiosis
White matter signal hyperintensities on T2WI and FLAIR imaging was rated according to the Fazekas scale as grade 0, no leukoaraiosis; grade 1, mild leukoaraiosis (> 5 white matter hyperintensities); grade 2, moderate confluent leukoaraiosis; and grade 3, severe confluent leukoaraiosis.
Cognitive function assessment
The Montreal Cognitive Assessment (MoCA) questionnaire will be administered by neuropsychologists. It is a 30-point test covering seven cognitive domains: visuospatial/executive, naming, memory, attention, language, abstraction, and orientation. Cognitive impairment is indicated by a total MoCA score of < 26. A bonus point is given to individuals with ≤ 12 years' education [16] .
The Arabic MoCA was validated and administered after its translation into Arabic then retranslation into English. The Arabic version is identical to the English version except for the two sentences used in the repetition task that have been replaced by their likes in the Arabic culture but carrying the same meaning as the English version [17] .
There are characteristics in the Arabic MoCA that explain its higher sensitivity in detecting MCI. The MoCA memory testing contains more words, fewer learning trials, and a longer delay before recall than the other tests. It can test executive functions, higher-level language abilities, and complex visuospatial processing with more numerous and demanding tasks than the other screening tests [16] . MoCA can detect approximately 90% of MCI subjects. In mild AD patients, MoCA sensitivity is 100% and specificity is considered to be 87%.
Statistical analysis
Data were analyzed using Statistical Program for Social Science (SPSS) version 20.0. Quantitative data were expressed as mean ± standard deviation (SD). Qualitative data were expressed as frequency and percentage.
Results
Association between microbleeds location and risk factors
There was significant association between the presence of deep microbleeds and both hypertension (P value 0.027) and hyperlipidemia (0.048) as shown in Table 1 . Lobar and infratentorial microbleeds did not show any significant associations with any of the risk factors.
Association between antiplatelet intake and CMBs
There was a significant association between the intake of antiplatelet medication and CMB presence (P value = 0.014), as shown in Table 2 .
Correlation between CMB presence and other MRI parameters of SVD
There was a statistically significant correlation between CMB presence and presence of multiple lacunar infarcts (P value 0.017), as well as significant correlation between severity of WMLs and number CMBs (P value 0.004) Table 3 .
Correlation between CMBs and cognitive domains according to MoCA test
According to MoCA test for cognitive impairment, results showed statistically significant deterioration in total MoCA scores (P value 0.01), the visuospatial/executive sub-score (< 0.001), and attention (P value 0.035) in the CMB-positive group compared with the CMB-negative group Table 4 .
Relation between different CMB location and Montreal Cognitive Assessment (MoCA) test scores
There was a statistical significance between MoCA test and the presence of frontal CMBs in visuospatial/executive (P value < 0.001), memory (P value < 0.001), and total score (P value < 0.001) as well as a statistical significance between MoCA test and the parietal CMBs as comparing positive and negative groups in visuospatial/ executive function (P value 0.016) and the total score (P value 0.002). MoCA test and basal ganglia CMBs show significant results in attention (P value 0.002) and total score (P value 0.006) as shown in Table 5 . According to the statistical significance between visuospatial/executive function and the frontal CMBs, and after adjustment for personal factors, cardiovascular risk factors and MRI parameters, frontal microbleeds still showed statistical significance with visuospatial executive function impairment (P value 0.041). While correlation between frontal microbleeds and memory showed statistically insignificant results (P value 0.176) after adjustment of MRI parameters of multiple lacunes and moderate to severe leukoaraiosis (WML grades 2-3).
According to the statistical significance between visuospatial/executive function and the parietal CMBs, and after adjustment for personal factors, cardiovascular risk factors and MRI parameters, parietal microbleeds still showed statistical significance with visuospatial executive function impairment (P value 0.05) ( Tables 6 and 7 ).
Discussion
Whether CMBs have a role in vascular cognitive impairment or not is still controversial [17] . Different studies with different populations and patient groups have produced less consistent results according to association with cognitive dysfunction and cognitive domains affected [18] .
Our study was carried out on 85 Egyptian patients with lacunar stroke. Cerebral microbleeds were frequently observed in 40 patients (47%), which is nearly half of all patients. This is highly consistent with the previous studies of Zhang et al. [19] that studied 85 patients; 35 (41.2%) had cerebral microbleeds. They were more often in mixed and deep brain regions than in the cerebral lobes. There was a significant correlation between cerebral microbleed severity and MoCA score [20] . CMBs were present in 46 (39.7%) patients. CMB number was weakly associated with executive dysfunction. This study did not find association of CMBs with other cognitive domains, including processing speed. On the other hand, in other studies [21] , patients with MBs (14.2%) were significantly older, had a higher white matter lesion volume, and more lacunar infarcts. Number of MBs were related to global cognitive function and attention. The relations with cognitive performance were mainly determined by frontal, temporal, and deep located MBs [12] . Nine hundred fifty-nine subjects were studied. MBs were found in 10.4% of the subjects; strictly lobar, but not deep or infratentorial, CMBs are associated with changes in cognitive function, especially in visuospatial/executive functions. Cerebral amyloid angiopathy in this study suggested to be the underlying pathology associated with CMB-related cognitive impairment.
CMBs constituted much less percentage of the population studied. This may be due to the difference in samples' sizes and nature of these studies being both cohort. It also included variable population groups than small vessel disease [12] .
CMBs were detected in older patients, and this was proven as a consistent risk factor across different studies [12, 22] . They attributed the effect of age on accumulation of other vascular risk factors that lead to CMB pathology.
Male gender showed a significant association with microbleed presence. This was consistent with the previous studies [10, 23] that proved being the male gender as one of the risk factors of CMB presence. This association went under research, and was hypothesized as vascular risk factors being more common in males and reference to the role of apolipoprotein APOE4 allele interaction with sex differences and amyloid β-peptide (Aβ) levels [24] .
Still, there were some studies [12, 20] that were inconsistent with ours and showed insignificant association between microbleeds and sex, though the high incidence is in males, but were not statistically significant.
Hypertension was considered a statistically significant risk factor for the development of CMBs. Other studies [23, 25] did not only identify hypertension as a risk factor, but also studied the attribution of deep and infratentorial microbleeds to hypertensive microangiopathy mechanism which is consistent with ours.
Chung and colleagues in 2016 did not find any correlation between CMBs and hypertension. This may be explained as studying lobar CMBs, with suggested CAA as an underlying pathology rather than hypertensive arteriopathy mechanism [12] . Correlation between hyperlipidemia and MBs was significant. Such an attribution was consistent with the other studies [23, 26] that studied the effect of accumulated risk factors on CMB incidence. The significant association between hyperlipidemia and patients with deep CMBs was also consistent with other studies [27, 28] that attributed cerebrovascular risk factors to deep located CMBs.
CMBs were more frequent in antiplatelet users than in non-antiplatelet users as found by Pasquini et al. [29] . A meta-analysis on the relationship between antiplatelet therapy and CMBs found that antiplatelet therapy was significantly associated with presence of CMBs in patients with stroke but not in stroke-free individuals [29] . A more recent meta-analysis [30] that included 37 studies did not just clarify the increased risk of CMBs on antiplatelet therapy; moreover, they related their use to the association with strictly lobar microbleeds rather than deep/infratentorial microbleeds.
Fewer studies [31] did not find any correlation between regular antiplatelet use and CMB presence. However, it did not rule out the risk of CMB formation and ICH, but rather, recommended antiplatelet justification and controlled other risk factors in the cases of ischemic cerebrovascular diseases. After all, it described having many potential limitations specially their small study population and a high selection bias, yet, the use of single vs. double antiplatelet did not record statistical significance in CMB-positive group consistently similar to other studies [32] . As regarding MRI parameters, a strong correlation between CMB presence and the presence of other cerebral SVDs was recorded. Subjects with CMBs had significantly higher number of lacunar infarcts and more severe WMLs similar to previous studies [12, 20, 21] . All are markers of small vessel disease pathology that with their progression the incidence of microbleeds increases.
Correlation between CMB presence and cognitive impairment was seen as significant deterioration in both visuospatial/executive function and attention with a decrease in total MoCA score. Association of microbleeds with cognitive decline was consistently reported by previous studies. These results explicitly relate CMB lesions to global and executive dysfunction whether through their direct effect on microstructure brain damage or as a reflection of the underlying vascular pathology in patients with SVD [4] .
A controversial study reported that the presence and number of CMBs were not associated with cognitive dysfunction in patients with lacunar stroke and leukoaraiosis [20] . It referred to other SVD markers as having a masking effect on the cognitive deterioration. Also, a cohort study [33] studied the long-term cognitive outcome of CMBs in patients with TIA and minor strokes after 5 years and denied any association with cognitive impairment. Unfortunately, it had a main weak point where 15% of the study sample were examined for the cognitive status through the short version of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE, Dutch version) that was obtained from a close relative and not personally performed. This can be opposed by another cohort study [10] , which was performed on stroke clinic patients, with much similar population and had results consistent with ours regarding cognitive deterioration, proving CMBs' relevance to long-term cognitive outcome.
According to CMB location, both frontal and parietal MBs recorded significant associations with visuospatial/ executive dysfunction, independent to lacunes and WMCs and other factors. This was consistent with other studies [10, 12] that studied executive function impairment on strictly lobar CMB subjects. These studies explained such association to CAA pathology in these brain regions.
Various brain areas are involved in the visuospatial executive function; visual perception in the parieto-occipital lobe, planning in the frontal lobe, and integration of visual and fine motor sequences in the fronto-parieto-occipital cortices. Visuoperceptual skills requires mental flexibility which mainly rely on frontal lobe function, while selfinitiated clock drawing requires intact visuoconstructive skills which are mainly represented in the parietal lobe. This process of contribution of the parieto-frontal cortical networks to integrate visuospatial elements with motor control was detected by functional MRI [34] .
Patel and colleagues in 2013 related the association of frontal CMBs to executive dysfunction only under a threshold effect of 9 or more CMBs in small vessel disease patients [20] . Whereas, other study [17] found that individuals with a strictly lobar distribution of CMBs did not have any impaired executive function. However, the executive function decline that was detected between CMB-positive and CMV-negative groups was explained as being driven by deep cerebral SVD (as BG MBs) rather than being due to lobar MBs. However, this study had limitations of the small sub-sample sizes.
Frontal lobe MBs also recorded an association with memory affection. However, it lost its significance with regression analysis to give similar results with previous study. The association between working memory and frontal lobe MBs in a population of symptomatic small vessel disease relationship became non-significant when controlling of other MRI parameters. It may be explained as being highly memory-dependent on WMLs and brain atrophy [20] .
Inconsistent with our results, some other studies identified CMBs in patients followed in memory clinics [23, 35] . They showed high prevalence of CMBs in memory clinics and Alzheimer's disease patients, adding more evidence in vascular cognitive impairment role. Unfortunately, memory affection was studied as a point of significance between both CMB-positive and CMB-negative groups in general without ruling out other MRI parameters as small vessel disease effect.
In the current study, the deep MBs were frequently located in the BG, recording significant association with global cognitive decline and with attention affection in particular. It remained significant after controlling of SVD markers to be consistent with other studies [28, 36] . They offered some explanations about cognitive dysfunction through attribution of the cognitive deficits in CMBs to impairments in attention and calculation in the early stages of Parkinson's disease, thus reflecting involvement of the BG and frontal-subcortical circuits. CMBs in the BG may cause primary or secondary damage to cholinergic pathways in the cortical-BG circuits [37] .
There were still some studies inconsistent with ours according to the involvement of BG CMBs in cognitive dysfunction [10] . Although including a large population, it classified subjects according to CMB location into only two groups which were strictly lobar and deep/infratentorial, with the last accounting only 9% of the sample size [12] .
According to the other deep located and infratentorial CMBs, our study did not show any association between their presence and cognition affection at any of MoCA test domains. This was quite consistent with the number of studies [10, 20] that showed no significant associations with their presence and cognitive dysfunction.
However, thalamic CMBs in particular had some debate on its involvement in the development of cognitive dysfunction. Yakushiji and colleagues in 2008 showed an association between the presence of thalamic MBs and reduced both total and orientation scores in the MMSE test. It was explained as being the thalamus part of a neuronal network integrally involved in cognitive function. Other studies were neuroimaging studies on patients with CADASIL, which showed associations between microstructural alterations in the thalamus and low MMSE score [28] .
Conclusion
Location of MBs proved to be important in determining cognitive consequences. Both frontal and parietal MBs showed independent association with visuospatial/executive impairment, while frontal MBs showed involvement in memory affection that was dependent to severe white matter intensities and lacunes. Deep MBs in the basal ganglia was proved to be an independent risk factor for attention affection.
Limitations of the study
The use of antiplatelets is an important confounding factor for the presence of CMBs that needs to be studied and addressed. Yet, the data necessary to adjust our results were not collected, and this is considered a limitation that could be investigated in other research. 
